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Filter for cable modem, multiplies samples of two-bit QAM signal and 
filter weight which are convolution of Nyquist filter weights with pre 
- equalizer filter weights 
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US 20020114380 Al 11 H04B-001/10 

Abstract (Basic) : US 20020114380 Al 

NOVELTY - An adder (402) adds the samples of the discrete time 
signal obtained by multiplying the samples of input two-bit QAM signal 
with set of filter weights. The filter weights are the convolution of 
set of Nyquist filter weights with set of pre - equalizer filter 
weights. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following: 

(1) Cable modem; 

(2) Method to provide Nyquist filtering and pre - equalization ; 

and 

(3) Computer system. 

USE - Combined pre - equalizer and Nyquist filter for cable 
modem (claimed) used in computer system (claimed) . 

ADVANTAGE - Combining pre - equalization with Nyquist filtering 
results in filter structure having no more inherent complexity. 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of 
the filter. 

Adder (402) 

pp; 11 DwgNo 4/7 
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ISRAEL 26-30 MARCH 2000, PISCATAWAY, NJ, USA, IEEE, US, 26 March 2000 
(2000-03-26), pages 775-784, XP010376167 ISBN: 0-7803-5880-5; 
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Application: 010620 Al International application. (Art. 158(1)) 

Application: 990929 Al International application. (Art. 158(1)) 
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Method and apparatus for measuring the frequency of a spectral line. 
Verfahren und Anordnung zum Messen der Frequenz einer Spektrallinie . 
Procede et dispositif pour mesurer la frequence d'une ligne spectrale. 

PATENT ASSIGNEE: 

TEKTRONIX, INC., (463984), Howard Vollum Park 14150 Karl Braun Drive P 
Box 500, Beaverton Oregon 97077, (US), (applicant designated states: 
DE; FR;GB) 
INVENTOR : 

Said, Ahmed , 8745 S.W. Pacer Drive, Beaverton, Oregon 97005, (US 
LEGAL REPRESENTATIVE: 

Wombwell, Francis et al (46021), Potts, Kerr & Co. 15, Hamilton Square 
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APPLICATION (CC, No, Date) : EP 91302436 910320; 
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DESIGNATED STATES: DE; FR; GB 
INTERNATIONAL PATENT CLASS: G01R- 023 / 165 ; 
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CITED REFERENCES (EP A) : 

FUNKS CHAU vol. 52, no. 21, October 1980, MUNCHEN DE page 82-89 ARNOLDT 


1 AUFBAU UND WIRKUNGSWEISE VON HF-SPEKTRUMANALYSATOREN 1 
EDN ELECTRICAL DESIGN NEWS vol. 34, no. 2, January 1989, NEWTON, 

MASSACHUSETTS US pages 149 - 155 DOVEL 1 FFT ANALYZERSMAKE SPECTRUM 
ANALYSIS A SNAP' ; 

ABSTRACT EP 4 50 80 9 A2 

A method and apparatus are disclosed, that is suitable for digital or 
analog spectrum analyzers, for accurately and rapidly ascertaining the 
frequency of a spectral line by interpolating its location from the 
response of two Gaussian shaped filters whose center frequencies bracket 
the frequency of the spectral line. The difference is taken between the 
amplitudes in decibels of the responses of the two Gaussian filters to 
the spectral line input signal. The frequency of the spectral line is 
then found from the linear relationship fx = delta-log-ampl . *cl + c2 , 
where cl is proportional to the square of the standard deviation of the 
Gaussian filters and inversely proportional to the difference between the 
center frequencies, fl and f2, of the Gaussian filters times the 
logarithm of e, and where c2 is the midpoint between the center 
frequencies, fl and f2, of the Gaussian filters, Gl and G2 . 
Alternatively, a sweeping local oscillator output can be mixed with the 
signal containing the spectral line of unknown frequency and the 
resulting signal applied to one Gaussian filter at two different times to 
produce equivalent results. In this case, cl is proportional to the 
square of the standard deviation of the Gaussian filter and inversely 
proportional to the difference between the local oscillator frequencies, 
f,LO-tl and f,LO-t2, at times tl and t2 , times the logarithm of e, and c2 
is the average of the local oscillator frequencies, f,LO-tl and f,L0-t2, 
plus f, the center frequency of the Gaussian filter, (see image in 
original document) 
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US 20020114380 Al 11 H04B-001/10 

Filter for cable modem, multiplies samples of two-bit QAM signal and 
filter weight which are convolution of Nyquist filter weights with pre 

- equalizer filter weights 

Abstract (Basic) : 

obtained by multiplying the samples of input two-bit QAM signal 
with set of filter weights. The filter weights are the convolution of 
set of Nyquist filter weights with set of pre - equalizer filter 
weights . 

... 2) Method to provide Nyquist filtering and pre - equalization 

; and. . . 

...Combined pre - equalizer and Nyquist filter for cable modem 
(claimed) used in computer system (claimed. . . 

...Combining pre - equalization with Nyquist filtering results in 

filter structure having no more inherent complexity... 
...Title Terms: NYQUIST / 
? t/3,k/2-14 
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Method of pre-distorting signal in signal channel containing root 
Nyquist bandpass filters in transmission and reception portions of 
channel by including forward model representing magnitude and phase 
distortion in channel 
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Method of pre-distorting signal in signal channel containing root 
Nyquist bandpass filters in transmission and reception portions of 
channel by including forward model representing magnitude and phase 
distortion in channel 

Abstract (Basic) : 

... A dynamic pre - distortion section (40a, b) includes a forward 

model representing magnitude and phase distortion in the channel. A 
signal is passed through the cascaded groups of stages... 

... a) a pre-corrector for producing non-linear distortion in a 

signal channel containing a root Nyquist bandpass filter in 
transmission and reception portion of the channel... 

. . .dynamic pre - distortion section (40a, b. . . 
...Title Terms: NYQUIST ; 


5/3, K/3 (Item 3 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 
(c) 2004 Thomson Derwent . All rts . reserv. 

013662011 * * Image available** 

WPI Acc No: 2001-146223/200115 

XRPX ACC No: N01-106972 

Analog finite impulse response based line driver includes current 
sources actuated in selected sequence during each input data pulse to 
generate staircase pulse 
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Analog finite impulse response based line driver includes current 
sources actuated in selected sequence during each input data pulse to 
generate staircase pulse 


Abstract (Basic) 


. .. An input (10) receives Manchester-encoded bipolar pulse x(t) 

which is then input to wave shaping circuit including FIR filter (12) 
and zero order hold (14) . The wave shaping circuit includes bank of 
current sources, each scaled by a coefficient. The current sources are 

Analog finite impulse response based line drivers. . . 

...Integrates analog finite impulse response filter and pre - 

equalization function for high speed data communication. Reduces the 
power consumption of the line driver... 

. . . FIR Filter (12 
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Digital signal processor resident RF error amplifier performance monitor 
for communication system, outputs control signals to adjust signal 
processing components of loops and cancel intermodulation distortions 
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Patent No Kind Date Applicat No Kind Date Week 

US 6078216 A 20000620 US 9853529 A 19980331 200037 B 
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Abstract (Basic) : 

Data aliased representative of samples of RF error signal from 
carrier cancellation combiner (30) and composite signal are sampled at 
less than Nyquist criteria in re-injected output signal flow path of 
RF power amplifier. The processor processes the aliased data to output 
control signals for adjusting signal... 

Facilitates to establish the update control parameter signals 
for controlling operation of adaptive predistortion unit and vector 
modulator of preamplif ication signal processing loop and that of vector 
modulator of feed forward error correction and re- injection loop are 
controllably . . . 
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Signal conditioner for transversal filters in e.g. telecommunications 
power transmitters - has baseband pre - equalised and predistorted 
output waveform generation comprising quantised in-phase and quadrature 
signal waveforms representative of input signals. 
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has baseband pre - equalised and predistorted output waveform 
generation comprising quantised in-phase and quadrature signal waveforms 
representative of input signals. 

. . .Abstract (Basic) : A first equivalent equaliser is provided for 

generating the pre - equalised in-phase waveforms, and a second 
equaliser provides for pre - equalised quadrature waveforms: Delay 
elements [11] for the two pre - equalisers contain the same signal 
and combine to produce the transversal filter [50] . The filter 
comprises delay elements [11a, lib] and look-up tables [12'] that... 

. . . USE- for Finite Impulse Response transversal filter functions for 
waveforms that represent symbols. For receiver designs that utilise 
decision feedback techniques e.g. decision feedback equaliser... 
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FIR filter for travelling wave tube amplifier used in communication... 

. . .Abstract (Basic) : An output signal includes a predistortion waveform 
to compensate the effect of non-linearity of disturbance between 
symbols. Each output signal is processed by using predetermined pair of 
symbol address designation. . . 

Title Terms: FIR ; 
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Far-end crosstalk compensation method using predistortion by adaptive 
filter - optimising finite impulse response filter, in terms of 
minimal residual error contributed by each subscriber, using training 
mode 
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Far-end crosstalk compensation method using predistortion by adaptive 

filter. . . 

...optimising finite impulse response filter, in terms of minimal 
residual error contributed by each subscriber, using training mode 
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Frequency detector for carrier frequency synchronisation - has in -phase 
and quadrature components of demodulated reception signal processed by at 
least two cascaded filter arrangements, containing complex bandpass 
filters and real or complex pre - equalisers 
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in-phase and quadrature components of demodulated reception signal 


processed by at least two cascaded filter arrangements, containing 
complex bandpass filters and real or complex pre - equalisers 

.Abstract (Basic) : The frequency detector uses at least 2 cascades of 
complex bandpass filters with frequency ranges corresponding to the 
Nyquist flanks of the power distribution spectrum of the reception 
signal and real or complex pre - equalisers , the outputs from the 
cascades combined to provide the control signal . . . 

.Abstract (Equivalent) : means for inputting the real part (x) and the 
imaginary part (y) of said product signal; cascades of complex bandpass 
filters and real or complex pre - equalizers , said cascades including 
means (BP) for bandpass filtering and means (VE) for pre - equalizing 
the real part (x) and the imaginary part (y) of the product signal to 
form cascade output signals and a logic circuit including means for... 

.the resulting signals from each other to produce said control signal 
(uf ) , wherein at least two of said cascades, each composed of one of 
the pre - equalizers and one of the bandpass filters, have center 
frequencies having different absolute values situated in a frequency 
range of a single Nyquist edge of a power density spectrum of said 
demodulated received signal... 
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Increased information rate system using embedded sample modulation and 
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time with symbols chosen such that subset of samples representing symbol 
has inverse 
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Increased information rate system using embedded sample modulation and 
predistortion equalisation. . . 

...Abstract (Equivalent): 27), said embedded sample streams being the sum 
of scaled values of a unique sample sequence; said embedded sample 
streams being filtered by an inverse finite impulse response 
filter (26) to generate output sample sequences whose values are 
related to the scaling applied by said modulator, permitting the 
recovery of said information, and wherein said inverse finite 
impulse response filter, when operating to filter said unique sample 
sequence, generates an output which is substantially a unit pulse, and 
wherein said receiver may optionally include an embedded sample 
equaliser (22) which may be used to adjust said inverse finite 
impulse response filter, thereby maintaining substantially a unit 
pulse output when said inverse finite impulse response filter 
operates to filter said unique sample sequence... 

. . .Abstract (Equivalent) : to generate embedded sample streams, consisting 
of the sum of scaled values of a unique sample sequence. These streams 
are then filtered by an inverse FIR ( finite impulse response ) 
filter to generate output sample sequences of values related to the 
scaling applied by the modulator as well as a unit pulse output. This 
then. 

.. .USE /AD VANTAGE - E.g. baseband and passband systems. Predistortion 
equalisation prevents signal components from cancelling each other 
avoiding fading. Bandwidth efficient... 
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Pre - equalisation system for multipoint digital communications 
transmitter. . . 
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(Equivalent) : and second 
second luminance peaking circuit 
region higher (204) than that (202) of said 
circuit (52 . . . 

.Abstract (Equivalent) : The chrominance input signal is subjected to pre 


(70) peaking circuits, wherein said 
(70) exhibits peaking in a frequency 
fir luminance peaking 


- distortion (de-peaking) to correct for sideband amplitude distortion 
in the chrominance peaking filter of the receiver thus preventing 
colour distortion in displayed images. The luminance... 
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determining centre of gravity of constellation for error adjust 
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Adaptive pre - distortion circuit for digital transmission. . . 

. . .Abstract (Basic) : A predistortion circuit (11) transmits inputs at a 
suitable level for a constellation, synchronised by clock pulses, with 
the aid of a modulator (14) and power amplifier... 

...An interface (22) backed by an accumulator/counter (21) determines the 
centre of gravity of each constellation mark and calculates a mean 
error to modify predistortion . 

. . .Abstract (Equivalent) : Adaptive predistortion circuit with memory for 
a digital transmission system which transmits input data associated 
with levels of a signal constellation C and which occur at the... 

. . .of a modulator (14) and a power amplifier (15) that distorts the signal 
by creating smeared spots (clouds) in the constellation, the circuit 
comprising: a predistortion circuit (11) for predistorting in the 


reverse sense the in-phase and quadrature input data symbols an = 
(a'^a^n) prior to their entering the power amplifier in order to 
transmit expected levels, the predistortion circuit simultaneously 
taking into account L received input symbols an+(L-l)/2 ... an ... 
an- (1-1) /2 which are temporarily stored in a set (10) of input shift 
registers, and an adaptation circuit (19) for continuously adapting the 

predistortion circuit (11) to the stream of input data symbols in 
response to a demodulation (16) of the stream of transmitted data 
symbols by means of . . . 

an interface circuit (22) that employs an adaptation algorithm, 
characterised in that the adaptation circuit (19) comprises, inserted 
between the comparator circuit (20) and the predistortion circuit 
(11) , a set (21) of counters/accumulators which determine the centre of 
gravity of each smeared spot (cloud) of the received constellation by 
calculating a set of mean errors that is used to adapt the 
predistortion circuit (11) , the adaptive predistortion circuit with 
memory further including a first transmit filter Fe (131,132) located 
before the modulator (14) operating on the in-phase and quadrature 
paths ... 

paths and in a manner such that the product of the filtering performed 
by the first and second filters Fe and Fr corresponds with a Nyquist 
filtering. . . 

Abstract (Equivalent) : The adaptive predistortion circuit with a 
memory includes a set (10) of input registers storing various 
consecutive data symbols a predistortion circuit (11) for 
predistorting the data of the consecutive data symbols before they pass 
through a modulator (14) and then through an amplifier (15) and. . . 

which in response to a demodulation (16, 17 (1) , 17 (2 ( , 18 (1) , 18 (2) ) of the 
stream of transmitted data symbols continuously adapts the 
predistortion circuit (11) to the stream of input data symbols. The 
adaptation circuit (19) includes a set (21) of counters/accumulators 
which determine the centre of gravity of the smeared spots (clouds) 
created by the distortion by calculating a set of errors that is used 
for adapting the predistortion circuit (11) . Pref . the predistortion 
circuit is a random access memory. In order to reduce the size of this 
random access memory the symmetry of the constellation is used and. . . 
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Pre - distortion of quaternary digital base band signals - having 
symbols suppressed digitally during part of each period so that 
transmission channel approximates to Nyquist system 
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Pre - distortion of quaternary digital base band signals... 

...having symbols suppressed digitally during part of each period so that 
transmission channel approximates to Nyquist system 

. . .Abstract (Basic) : The ratio of the suppression period to the symbol 

period is selected so that the total transmission channel including the 
predistortion approximates to a Nyquist system. . . 

. . . ADVANTAGE - Digital predistortion is simpler than complex and 

technically demanding analog filter producing x/sinx characteristic 
normally used which requires accurate setting up procedures due to 
tolerance problems. . . 

...Title Terms: NYQUIST ; 
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LINEAR DISTORTION COMPENSATION CIRCUIT 

PUB. NO.: 2000-013695 [JP 2000013695 A] 
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FILED: June 24, 1998 (19980624) 

ABSTRACT 

...by providing 1st and 2nd compensation filters which divide a signal of a 
"baseband band before modulation into two orthogonally crossing signals and 
also perform pre - distortion compensation. 

SOLUTION: An input signal is subjected to A/D conversion in an A/D 
converter 1, an obtained signal of baseband band is divided into two 
signals that are crossed at FIR filters 2 and 3 and also the two divided 
signals are subjected to pre - distortion compensation for linear 
distortion that takes place after modulation. A Pythagorean converter 4 
extracts a phase information signal and an amplitude information signal 
from the . . . 
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Title: Pre - equalization for MIMO wireless channels with delay spread 

Author ( s) : Sampath, H. ; Bolcskei, H.; Paulraj , A.J. 

Author Affiliation: Inf. Syst . Lab., Stanford Univ., CA, USA 

Conference Title: Vehicular Technology Conference Fall 2000. IEEE VTS 
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Part vol.3 p. 1175-8 vol.3 

Publisher: IEEE, Piscataway, NJ, USA 

Publication Date: 2000 Country of Publication: USA 6 vol. 3040 pp. 
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U.S. Copyright Clearance Center Code: 0 7803 6507 0/2000/$10 . 00 
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Conference Date: 24-28 Sept. 2000 Conference Location: Boston, MA, USA 
Language: English 
Subfile: B 
Copyright 2 0 01, IEE 

Title: Pre - equalization for MIMO wireless channels with delay spread 
Abstract: We consider a downlink finite impulse response ( FIR ) 
multi- input mult i -output (MIMO) wireless channel with L taps . A is shown 
that such a channel can be pre - equalized with an FIR MIMO transmit 

filter with only L taps , if the angle spread due to the different 
multipaths is sufficiently large at the transmitter. The filter taps 
are derived for the cases where the transmitter has perfect and partial 
channel knowledge, respectively. Finally, we present a pre- filter 
structure which converts the available frequency diversity into spatial 
diversity. The resulting spatial diversity can then be exploited using 
conventional receivers designed for frequency-flat... 
. . .Descriptors: filtering theory. . . 

. . . FIR filters ; 

Identifiers: pre - equalization ; FIR MIMO wireless channels... 

. . . FIR MIMO transmit filter ; ... 

. . . filter taps ; ... 

. . .pre- filter structure 
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Title: An analog EPR4 read channel with an FDTS detector 

Author (s) : Wei, D.C.; Sun, D.Q.; Abidi, A. A. 

Author Affiliation: Dept. of Electr. Eng., California Univ., Los Angeles, 
CA, USA 

Conference Title: ICC '98. 1998 IEEE International Conference on 
Communications. Conference Record. Affiliated with SUPERCOMM ' 98 • (Cat. 
No. 98CH36220) Part vol. 2 p. 678-82 vol.2 

Publisher: IEEE, New York, NY, USA 


Publication Date: 1998 Country of Publication: USA 3 vol. xxxvii+1838 
pp. 

ISBN: 0 7803 4788 9 Material Identity Number: XX98-01605 

U.S. Copyright Clearance Center Code: 0 7803 4788 9/98/$10.00 
Conference Title: ICC '98 1998 IEEE International Conference on 
Communications. Conference Record 

Conference Date: 7-11 June 1998 Conference Location: Atlanta, GA, USA 
Language: English 
Subfile: B 
Copyright 1998, IEE 

Abstract: A new read channel architecture is proposed, which uses EPR4 
pre - equalization to simplify the hardware required in an all -analog 
circuit implementation of an FDTS tau =2 detector and its associated timing 
recovery. The main concept is that by transforming the channel 
characteristics into an EPR4 target, the FIR filters required in the 
DFE need only be a few taps long, and the clock may be recovered from the 
EPR4 pre - equalized data before it enters the DFE. The FDTS tau =2 
performance is obtained from a tau =1 implementation, accompanied by an 
error-pattern identifier. This... 

. . .Descriptors: FIR filters ; 

...Identifiers: EPR4 pre - equalization ; ... 


FIR filters ; 
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6867133 INSPEC Abstract Number: B2001-04-6250F-246 
Title: A digital carrier synthesizer and modulator for WCDMA bases tation 

Author (s) : Kosunen, M. ; Vankka, J.; Halonen, K. 

Author Affiliation: Lab. for Electron. Circuit Design, Helsinki Univ. of 
Technol., Espoo, Finland 

Conference Title: NORSIG2000. Nordic Signal Processing Symposium p. 
93-6 

Publisher: Linkoping Univ, Linkoping, Sweden 

Publication Date: 2000 Country of Publication: Sweden viii+516 pp. 
ISBN: 91 7219 789 7 Material Identity Number: XX-2001-00165 

Conference Title: NORSIG2000. Nordic Signal Processing Symposium 
Conference Date: 13-15 June 2000 Conference Location: 

Vildmarkshotellet Kolmarden, Sweden 
Language: English 
Subfile: B 
Copyright 2001, IEE 

Abstract: A multicarrier QAM modulator for the wideband code division 
multiple access (WCDMA) basestation has been designed. The multicarrier 
modulator performs pulse shaping filtering for four baseband I and Q data 
streams. The filtered data is interpolated in three stages each 
interpolating with a factor of two. The modulation of four independent 
carriers is performed with the Numerically Controlled. . . 

... multicarrier output is formed by summation of the modulated carriers. 
The SINC-attenuation effect of the D/A-converter is canceled by an 
inverse-SINC predistortion filter . The goal of the design process was 
to make the performance of the modulator limited by the 14 -bit 
D/A-converter which can be... 

...Descriptors: FIR filters ; 

. . .Identifiers: pulse shaping filtering ; ... 

...inverse SINC predistortion filter ; 
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6762599 INSPEC Abstract Number: B2 000- 12 -6150D-051 

Title: A filterbank structure for voice-band PCM channel pre - 

equalization 
Author (s) : Alagha, N.S.; Kabal, P. 

Author Affiliation: Dept. of Electr. & Comput . Eng., McGillUniv., 
Montreal, Que., Canada 

Conference Title: 2000 IEEE International Conference on Acoustics, 
Speech, and Signal Processing. Proceedings (Cat. No . 00CH37100) Part 
vol.5 p. 2793-6 vol.5 

Publisher: IEEE, Piscataway, NJ, USA 

Publication Date: 2000 Country of Publication: USA 6 vol. lxxx+3 906 
pp. 

ISBN: 0 7803 6293 4 Material Identity Number: XX-2000 -01778 

U.S. Copyright Clearance Center Code: 0 7803 6293 4/2000/$10 . 00 
Conference Title: Proceedings of 2000 International Conference on 
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Conference Sponsor: IEEE; Signal Process. Soc 

Conference Date: 5-9 June 2000 Conference Location: Istanbul, Turkey 
Language: English 
Subfile: B 
Copyright 2 000, IEE 

Title: A filterbank structure for voice-band PCM channel pre - 

equalization 

Abstract: A non- maximally decimated filterbank structure for pre - 
equalizing channels with intersymbol interference (ISI) is investigated. 
The impulse response of the channel is assumed to be known at the 
transmitter. Compared with the classical Tomlinson-Harashima (1971) 
precoding technique, the proposed pre - equalizer compensates for the 
channel without increasing the number of the received signal levels 
(channel alphabet) . The proposed technique does not require the channel to 
be minimum-phase. The filterbank structure adds redundancy to the input 
signal to compensate for the channel ISI while keeping the transmitted 
power bounded. The proposed pre - equalization is particularly useful for 
data transmission over voice-band PCM channels. The upstream PCM channel is 
bandlimited, causing severe ISI at the output of the front-end receiver 
filter . By using the pre - equalizer at the transmitter, channel ISI 
can be mitigated. 

...Descriptors: channel bank filters ; ... 

. . . FIR filters ; 

...Identifiers: voice-band PCM channel pre - equalization ; ... 
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distortion compensation of radio over fiber links 

Author(s): Fernando, X.N.; Sesay, A.B. 

Author Affiliation: TRLabs , Calgary, Que., Canada 

Conference Title: 2000 IEEE International Conference on Communications. 
ICC 2000. Global Convergence Through Communications. Conference Record 
Part vol.1 p. 367-71 vol.1 

Publisher: IEEE, Piscataway, NJ, USA 

Publication Date: 2000 Country of Publication: USA 3 vol. xxxii+1814 
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ISBN: 0 7803 6283 7 Material Identity Number: XX-1999-03416 
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Conference Title: Proceedings of IEEE International Conference on 
Communications 

Conference Date: 18-22 June 2000 Conference Location: New Orleans, LA, 
USA 

Language: English 
Subfile: B 
Copyright 2 000, IEE 

Title: Higher order adaptive filter based predistortion for nonlinear 
distortion compensation of radio over fiber links 

...Abstract: fiber (ROF) links in a wireless network is its limited 
dynamic range due to "non-linear distortions' (NLD) . In this paper a higher 


order * adaptive filter based modeling and predistortion scheme is 
proposed to compensate this NLD. The filter is adapted from the 
distortions of vector-modulated symbols, so that no in-depth knowledge of 
physical link parameters is needed. Experimental and simulation results 
show that a third order filter accurately models the ROF link while a 
second order filter adequately compensates for the phase nonlinearity . 
The power handling capability of the laser diode is the upper limit in this 
approach . 

Descriptors: adaptive filters ; ... 


. . . filtering theory. . . 


. . . FIR filters ; 

Identifiers: higher order adaptive filter based predistortion ; 


...third order filter ; 


. . . second order filter ; ... 
...higher order FIR adaptive filter 
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Title: Digital- to-RF conversion for a vector modulator 

Author (s): Sorace, R. 

Author Affiliation: Hughes Space & Commun. Co., El Segundo, CA, USA 
Journal: IEEE Transactions on Communications vol.48, no. 4 p. 540-2 
Publisher: IEEE, 

Publication Date: April 2000 Country of Publication: USA 

CODEN: IECMBT ISSN: 0090-6778 
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Material Identity Number: 1203-2000-005 
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Subfile: B 
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Abstract: Digital technology lacks sufficient speed to support many high 
data rate applications at microwave frequencies. This is unfortunate since 
areas such as higher order modulation , predistortion , equalization, and 
demodulation could benefit in flexibility, modularity, and performance 
from digital architectures. However, use of radio frequency microwave 
technology permits the implementation of digital functions at these higher 
speeds and frequencies. This paper describes the implementation of a 
nonrecursive ( finite - impulse response ) filter in microwave 

technology. 
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5262229 


INSPEC Abstract Number: B9606-6250G-032 


Title: Uplink-noise limited satellite channels 

Author (s): Wolcott, T.J.; Osborne, W.P. 

Author Affiliation: New Mexico State Univ., NM, USA 

Conference Title: MILCOM 95. Universal Communications. Conference Record 
(Cat. No. 95CH35750) Part vol.2 p. 717-21 vol.2 
Publisher: IEEE, New York, NY, USA 

Publication Date: 1995 Country of Publication: USA 3 vol. xxxvii+1291 
PP- 

ISBN: 0 7803 2489 7 Material Identity Number: XX95-02927 

U.S. Copyright Clearance Center Code: 0 7803 2489 7/95/$4.00 
Conference Title: Proceedings of MILCOM "95 

Conference Sponsor: IEEE; IEEE Commun. Soc . ; Armed Forces Commun. & 
Electron. Assoc 

Conference Date: 5-8 Nov. 1995 Conference Location: San Diego, CA, USA 
Language : Engl i sh 
Subfile: B 
Copyright 1996, IEE 

...Abstract: transmitted signal constellation can be pre-distorted to 
take into account the effect of the nonlinearity in the down-link limited 
channel, no amount of pre - distortion will solve the problems 
encountered when the majority of the noise is present before the 
nonlinearity. Instead, the receiver must be modified to reflect the... 

... the nonlinearity on Gaussian noise. Under three as sumptions -there is no 
downlink -noise present, the downlink channel is wideband relative to the 
data, and the filter proceeding the nonlinearity meets both matched 
filter and Nyquist requirements -such modifications can be made based on 
the nature of the nonlinearity. By mapping the ideal decision region 
through the nonlinearity, performance almost identical... 
...Descriptors: matched filters ; 

...Identifiers: matched filter ; Nyquist requirements 
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Conference Title: 1995 International Conference on Acoustics, Speech, and 
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Publication Date: 1995 Country of Publication: USA 5 vol. 3662 pp. 
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Conference Title: 1995 International Conference on Acoustics, Speech, and 
Signal Processing 

Conference Sponsor: Signal Process. Soc. IEEE 

Conference Date: 9-12 May 1995 Conference Location: Detroit, MI, USA 
Language: English 
Subfile: B 
Copyright 1995, IEE 

Title: Multiuser blind channel estimation and spatial channel pre - 

equalization 


...Abstract: which is capable of resolving a multiuser system without the 
use of training sequence or any input statistics. For downlink, we propose 
a spatial channel pre - equalization scheme which simultaneously 
eliminates the intersymbol interference (ISI) and the co-channel 
interference (CCD for all users using FIR filters . Both algorithms 
were validated by RF experiments using the smart antenna testbed developed 
in the University of Texas at Austin. 
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Conference Title: Proceedings of ICC '93 - IEEE International Conference 
on Communications 

Conference Sponsor: IEEE Commun. Soc; IEEE Switzerland Sect 

Conference Date: 23-26 May 1993 Conference Location: Geneva, 
Switzerland 

Language: English 

Subfile: B C 

Copyright 1995, IEE 

Title: A neural network approach to data predistortion with memory in 
digital radio systems 

...Abstract: a neural network with memory. It is shown that, by extending 
the optimization algorithm of back-propagation to complex signals and with 
neurons modeled as finite - impulse - response ( FIR ) filters , the 
proposed algorithm determines automatically the predistorter with the 
objective that the overall transmitter behaves as a linear system with a 
prescribed pulse shape. The... 

...Descriptors: FIR filters ; 

Identifiers: finite impulse response filters ; ... 
. . .data predistortion ; ... 

. . . FIR ; 
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Title: Parallelism in analog and digital PRML magnetic disk read channel 
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Author Affiliation: Hawaii Univ., Honolulu, HI, USA 

Journal: IEEE Transactions on Magnetics vol.31, no. 2 p. 1174-9 

Publication Date: March 1995 Country of Publication: USA 

CODEN: IEMGAQ ISSN: 0018-9464 
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Conference Title: 5th Annual Magnetic Recording Conference (TMRC) on 
Signal Processing 

Conference Date: 14-17 Aug. 1994 Conference Location: San Diego, CA, 
USA 

Language : Engl i sh 
Subfile: B 
Copyright 1995, IEE 

Abstract: Analog pre - equalization can play an important role in the 
performance and monolithic implementation of high speed PRML read channels 
employing detection in the digital domain by reducing the number of 
quantization levels required in the analog- to-digital converter. The use of 
the 3 -tap raised cosine equalizer as an analog pre - equalizer in a read 
channel employing digital adaptive equalization is examined. Following 
this, a parallel filter architecture suitable for implementation of high 
speed finite - impulse response filters (including the cosine 

equalizer) in both the analog and digital domain is described. This 
parallel filter architecture has been used in the analog domain in both a 
decimation filter and cosine equalizer in a prototype analog- to-digital 
interface and in the digital domain in a prototype digital adaptive 
equalizer/Viterbi sequence detector. Both... 

...Descriptors: FIR filters ; 

. . .Identifiers: analog pre - equalizer ; . . . 

. . .parallel filter ; finite - impulse response filters ; ... 
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Conference Date: 16-18 Feb. 1994 Conference Location: San Francisco, 
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...Abstract: disk read channels employing digital implementations of PRML 
and other discrete-time signalling approaches is the analog-to-digital 


(A/D) interface containing a pre- filter , sampler, and analog-to-digital 
converter (ADC) . The pre- filter performs noise filtering , 
anti-aliasing, and pre - equalization prior to sampling and conversion to 
the digital domain. At symbol rates of 100 MHz and above, envisioned in the 
future, implementation of the required filtering is difficult using 
conventional approaches. This paper describes a filter /ADC combination 
that uses a switched-capacitor FIR passive sampling approach. 

...Descriptors: switched capacitor filters 

...Identifiers: pre- filter ; ... 
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Title: Performance analysis of new techniques of predistortion with 
memory in digital radio links 

Abstract: The authors present an efficient data predistortion technique 
with memory applied to digital transmissions over nonlinear channels, 
specifically satellite links, employing QAM signal formats. The proposed 
technique is aimed at reducing the... 

... in this case, by a nonlinear memoryless block and by two linear blocks 
with memory so that the predistorter itself can be realised by two FIR 

filters separated by a memoryless nonlinear element. As for the nonlinear 
block, they propose the employment of a neural net performing a typical 
surface reconstruction task. . . 

. . .of the function inverting the nonlinearity source (in this case the high 
power amplifier) . Performance analysis has shown a significant improvement 
with respect to memoryless predistortion (up to 4.5 dB) ,* their proposal, 
moreover, outperforms conventional 3 -stage -memory predistortion as the 
modulation levels increase and as the spectral shaping gets narrower. 
...Identifiers: data predistortion ; ... 

. . . FIR filters ; 


9/3,K/ll (Item 11 from file: 2) 

DIALOG (R) File 2 : INSPEC 

(c) 2004 Institution of Electrical Engineers. All rts. reserv. 


03876413 INSPEC Abstract Number: B91030590, C91028707 

Title: A new technique for the design of finite precision M-D FIR 
digital filters 
Author(s): Masoud, A. A. 

Author Affiliation: Dept. of Electr. Eng., Queen's Univ., Kingston, Ont . , 
Canada 
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Conference Sponsor: IEEE 
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Title: A new technique for the design of finite precision M-D FIR 
digital filters 

Abstract: A method of designing M-D finite-precision FIR ( finite - 
impulse response ) digital filters is proposed. The method operates by 
predistorting the frequency response prior to quantization. The 
predistortion is designed to counteract degradation caused by the finite 
wordlength. The error measure used is a convex function of the filter 
coefficients. Such a property enables the authors to replace the 
time-consuming optimization techniques using direct search with the very 
fast techniques utilizing the first. . . 

Descriptors: digital filters ; 

...Identifiers: ID filters ; ... 
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Title: A CMOS bit-level pipelined implementation of an FIR x/sin(x) 
predistortion digital filter 

Abstract: The CMOS design and implementation of an 11-tap FIR digital 
filter for compensating the sin(x)/x spectrum distortion introduced by 


D/A converters is presented. A throughput rate in excess of 100 MHz is 
projected. . . 

...Descriptors: digital filters ; 
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Abstract: A method of introducing an adaptive digital predistortion 
circuit to compensate for the nonlinearity produced in digital radio 
systems by the high-power amplifier (HPA) is proposed. The method is 
attractive for its simplicity (two digital finite - impulse response ( 
FIR ) filters ) and because of the inherent adaptability to any 
nonlinearity. The simplicity of the predistorter is worth noting; only two 
parameters ( alpha /sub 1/ and alpha... 

... third-order kernel coefficients, as proposed in previous schemes. The 
performance gain is about 3 dB for a 64 quadrature amplitude modulation 
(QAM) system without predistortion and 1 dB for a system with memoryiess 
data predistortion . The corresponding values for the 256 QAM system are 4 
dB and 1.5 dB, respectively. 
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Conference Location: Montreal, Que., 


Title: Switchable data modem design and evaluation (BPSK to 16-APK) 

Abstract: The design and evaluation results of a sixteen state amplitude 
phase shift keyed modem are presented. This modem is intended for use 
in digital transmission over cable, terrestrial microwave, and satellite 
systems. The design is such that maximum flexibility in digital modulation 
technique is achieved: it is capable of operating as a binary phase shift 
keyed (BPSK) and a quadrature phase shift keyed (QPSK) modem . This 
results in theoretical spectral efficiencies of 1, 2, and 4 bits per second 
per hertz respectively. The switchable characteristic of the modem 
operating at a bit rate of 256 kb/s in 16-APK, at 128 kb/s in QPSK and at 
64 kb/s in BPSK configurations is presented. The modem is to be operated 
in an environment simulated by additive white Gaussian noise and 
interference. The premodulation filters are preceded by digital 
predistortion equalization filters . The transit low-pass filter is a 
modified fifth order Butterworth filter having a 6-dB cutoff frequency at 
the Nyquist frequency (32 kHz) . The description of the design of all 
hardware building blocks is followed by a comparison of measured 
noise/interference values with theoretical... 

...Descriptors: digital filters ; modems ; 

...Identifiers: amplitude phase shift keyed modem ; ... 

...premodulation filters ; ... 

. . .digital predistortion equalization filters ; 
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Title: Redundant filterbank precoders and equalizers Part I: 
unification and optimal designs 

Author: Scaglione, Anna; Giannakis, Georgios B.; Barbarossa, Sergio 
Corporate Source: Univ of Rome 'La Sapienza', Roma, Italy 

Source: IEEE Transactions on Signal Processing v 47 n 7 1999. p 1988-2006 

Publication Year: 1999 

CODEN: ITPRED ISSN: 1053-587X 

Language: English 

Title: Redundant filterbank precoders and equalizers Part I: 
unification and optimal designs 

Abstract: Transmitter redundancy introduced using filterbank precoders 
generalizes existing modulations including OFDM, DMT, TDMA, and CDMA 
schemes encountered with single- and multiuser communications. Sufficient 
conditions are derived to guarantee that with FIR filterbank precoders 
FIR channels are equalized perfectly in the absence of noise by FIR 
zero-forcing equalizer filterbanks , irrespective of the channel zero 
locations. Multicarrier transmissions through frequency-selective channels 
can thus be recovered even when deep fades are present. Jointly optimal 
transmitter-receiver filterbank designs are also developed, based on 
maximum output SNR and minimum mean- square error criteria under 
zero-forcing and fixed transmitted power constraints. Analytical 
performance results are presented for the zero-forcing filterbanks and 


are compared with mean-square error and ideal designs using simulations. 
(Author abstract) 41 Refs. 

Descriptors: Interference suppression; Intersymbol interference; Digital 
communication systems; Radio transmitters; FIR filters ; Equalizers; 
Transceivers; Time division multiple access; Code division multiple access; 
Time division multiplexing 

Identifiers: Transmitter redundancy; Filterbanks ; Precoding; 
Preequalization ; Joint transceiver optimization; Block transmissions; 
Intersymbol and interchip interference; Orthogonal frequency division 
multiplexing; Discrete multitone multiplexing; Discrete wavelets 
multiplexing 
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04251607 E.I. No: EIP95092853912 

Title: Multiuser blind channel estimation and spatial channel pre - 

equalization 
Author: Liu, Hui ; Xu, Guanghan 

Corporate Source: Univ of Texas at Austin, Austin, TX, USA 

Conference Title: Proceedings of the 1995 International Conference on 
Acoustics, Speech, and Signal Processing. Part 3 (of 5) 

Conference Location: Detroit, MI, USA Conference Date: 

19950509-19950512 

E.I. Conference No.: 43559 

Source: Statistical Signal and Array Processing ICASSP, IEEE 
International Conference on Acoustics, Speech and Signal Processing - 
Proceedings v 3 1995. IEEE, Piscataway, NJ, USA, 95CH35732 . p 1756-1759 

Publication Year: 1995 

CODEN: IPRODJ ISSN: 0736-7791 

Language: English 

Title: Multiuser blind channel estimation and spatial channel pre - 

equalization 

...Abstract: which is capable of resolving a multiuser system without the 
use of training sequence or any input statistics. For downlink, we propose 
a spatial channel pre - equalization scheme which simultaneously 
eliminates the intersymbol interference (ISI) and the co-channel 
interference (CCD for all users using FIR filters . Both algorithms 
were validated by RF experiments using the smart antenna testbed developed 
in the University of Texas at Austin. (Author abstract) 15 Refs. 

Descriptors: Antenna arrays; Radio communication; Communication channels 
(information theory) ; Time division multiplexing; Digital filters ; Signal 
interference; Algorithms; Estimation; Statistical methods; Intersymbol 
interference 

Identifiers: Smart antenna systems; Uplink channels; Downlink channels; 
Co-channel interference; FIR channels 
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Title: A data predistortion technique with memory for QAM radio 
systems. 

Author: Karam, Georges; Sari, Hikmet 

Corporate Source: Lab d' Electron Philips, Limeil-Brevannes , France 


Source: IEEE Transactions on Communications v 39 n 2 Feb 1991 p 336-344 
Publication Year: 1991 3 
CODEN: IECMBT ISSN: 0096-1965 
Language: English 

Title: A data predistortion technique with memory for QAM radio 
systems . 

Abstract: The authors present an efficient data predistortion technique 
with memory for compensation of high-power amplifier (HPA) nonlinearities 
in digital microwave radio systems employing quadrature amplitude 
modulation (QAM) signal formats. A practical . 

...16-, 64-, and 256-QAM signal constellations, it is shown that the 
proposed technique achieves a considerably higher performance than that of 
conventional memoryless data predistortion or of the predistortion 
technique with memory based on finite-order inverses of nonlinear systems. 
Specifically, numerical results show that the proposed technique achieves a 
gain that is in excess of 2 dB over conventional memoryless data 
predistortion . 14 Ref s . 

Identifiers: DATA PREDISTORTION WITH MEMORY; QAM RADIO SYSTEMS; 
NYQUIST FILTERING ; DIGITAL MICROWAVE RADIO; VOLTERRA SERIES; 
NONLINEAR I TY COMPENSATION 
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Corporate Source: UNIV ROMA LA SAPIENZA, DEPT INFO COM/1-00184 ROME/ / ITALY/ 

(REPRINT); UNIV VIRGINIA, DEPT ELECT ENGN/ CHARLOTTESVILLE/ /VA/22 903 
Journal: IEEE TRANSACTIONS ON INFORMATION THEORY, 1999, V45, N3 (APR), P 

1019-1032 

ISSN: 0018-9448 Publication date: 19990400 

Publisher; IEEE- INST ELECTRICAL ELECTRONICS ENGINEERS INC, 345 E 47TH ST, 

NEW YORK, NY 10017-2394 
Language: English Document Type: ARTICLE (ABSTRACT AVAILABLE) 

Title: Filterbank transceivers optimizing information rate in block 
transmissions over dispersive channels 

Abstract : Optimal finite impulse response ( FIR ) transmit and 

receive filterbanks are derived for block-based data transmissions 
over frequency-selective additive Gaussian noise (AGN) channels by 
maximizing mutual information subject to a fixed transmit -power 
constraint. Both FIR and pole-zero channels are considered, The 
inherent flexibility of the proposed transceivers is exploited to 
derive, as special cases, zero-forcing (ZF) and minimum mean-square 
error receive filterbanks , The transmit filterbank converts 
transmission over a frequency-selective fading channel, affected by 
additive colored noise, into a set of independent flat fading 
subchannels with uncorrelated noise samples... 
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07381636 Genuine Article#: 158PJ No. References: 40 
Title: Complex- valued neural networks with adaptive spline activation 
function for digital radio links nonlinear equalization 

Author (s) : Uncini A (REPRINT) ; Vecci L; Campolucci P; Piazza F 
Corporate Source: UNIV ANCONA, DIPARTIMENTO ELETTRON & AUTOMAT/ 1-60131 

ANCONA/ / ITALY/ ( REPRINT) 
Journal: IEEE TRANSACTIONS ON SIGNAL PROCESSING', 1999, V47, N2 (FEB), P 

505-514 . 

ISSN: 1053-587X Publication date: 19990200 

Publisher: IEEE -INST ELECTRICAL ELECTRONICS ENGINEERS INC, 345 E 47TH ST, 

NEW YORK, NY 10017-2394 
Language: English Document Type: ARTICLE (ABSTRACT AVAILABLE) 

...Abstract: that is able to improve the generalization capabilities using 
few training samples, Due to its low architectural complexity (low 
overhead with respect to a simple FIR filter ), this network can be 
used to cope with several nonlinear DSP problems at a high symbol rate. 

In particular, this work addresses the problem of... 
... Identifiers --MULTILAYER FEEDFORWARD NETWORKS; BACKPROPAGATION ALGORITHM; 
INTERSYMBOL INTERPOLATION; TRANSMIT AMPLIFIERS; LEARNING - CURVES ; 
PREDISTORTION; SYSTEMS 
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Year: 1991 
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ADAPTIVE LINEAR AND NONLINEAR FILTERS (ADAPTIVE FILTERS , LINEAR 
FILTERS ) 

The research work presented in this thesis advances the 
state-of-the-art of adaptive filtering by developing an efficient 
adaptive linear cascade IIR filter , proposing four adaptive linearization 
schemes, introducing adaptive nonlinear recursive state-space (ANRSS) 
filters , and applying the algorithms to loudspeaker measurements.* 

Adaptive cascade IIR filters have the advantages of easy stability 
monitoring and good sensitivity performance. A novel technique of 
backpropagating the desired signal is proposed for a general cascade 
structure, which is then applied to a cascade IIR filter . The 
equation-error formulation is shown to be a special case of the 
backpropagation formulation. 

Inevitable nonlinearities in systems intended to function linearly 
sometimes severely impair system performance. Three adaptive linearization 
schemes are devised to reduce nonlinearities in these systems using 
adaptive FIR filters . They achieve linearization by canceling 
nonlinearity at the system output, post-distorting the signal, or 
pre-distorting the signal. The pre - distortion scheme is applied to 
linearize a loudspeaker model. 


The adaptive nonlinear filters previously reported are almost all of 
FIR type. Although they have some nice properties, their computation 
requirements are impractical for those applications with long impulse 
responses. Hence, ANRSS filters are introduced as alternatives and 
efficient methods for gradient computation are developed to facilitate 
further their real-time application. The stability and the convergence of 
the filters are studied. 

Measurements are performed on a loudspeaker system. Solutions of some 
problems arising from the practical data are proposed. Then, the algorithms 
developed in. . . 

9/3,K/21 (Item 2 from file: 35) 

DIALOG (R) File 35 : Dissertation Abs Online 
(c) 2004 ProQuest Inf o&Learning . All rts. reserv. 

1016526 ORDER NO: AADDX-82513 

A VEHICLE -MOUNTED TERMINAL FOR EUROPEAN SATELLITE -MOBILE RADIO SERVICES: 
DEVELOPMENT OF A LOW-COST VEHICLE -MOUNTED EARTH STATION FOR PROJECTED 
SATELLITE -MOBILE SERVICES IN EUROPE AND CONSIDERATIONS FOR ACHIEVEMENT OF 
MULTIPLE SERVICE ACCESS CAPABILITY FOR VOICE AND DATA COMMUNICATIONS 

Author: WILLIAMS, DAVID HUGH 
Degree: PH.D 
Year: 1988 

Corporate Source/ Institution : UNIVERSITY OF BRADFORD (UNITED KINGDOM) ( 
0401) 

Source: VOLUME 49/06-B OF DISSERTATION ABSTRACTS INTERNATIONAL . 
PAGE 2327. 210 PAGES 

...also included. A method of modulation by direct digital synthesis 
is then described, which offers flexibility in bit rates and modulation 
schemes, together with optional pre - distortion for non-linear power 
amplifiers. This technique offers enhancement to the satellite-mobile 
terminal and is suited to the multiple service access requirement of 
portable ... 

...following the introduction of a saturated HP A to the channel. A "proof 
of concept" flexible modulator was developed and used to generate 
mathematically pre-determined Nyguist filtered waveforms, pre-distorted 
in amplitude for an anticipated HPA non-linearity. Results implied that it 
may be possible to reduce the unacceptable degradation from saturated. . . 
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Using flexible precoding for channels with spectral nulls 

(Flexible Vorcodierung fuer Kanaele mit spektralen Nullstellen) 
Fischer, R 

Univ. Erlangen-Nuernberg, D 

Electronics Letters, v31, n5, pp356-358, 1995 
Document type: journal article Language: English 
Record type: Abstract 
ISSN: 0013-5194 

ABSTRACT : 

Flexible precoding has been proposed for channel pre - equalisation at 
the transmitter side. In the Letter a slight modification of the receiver 


is presented which enables the use of flexible precoding for channels with 
spectral nulls at DC and/or the Nyquist frequency. Simulation results 
covering the performance are given. 

...DESCRIPTORS: BIT ERROR RATE; S N RATIO; SPECTRAL DISTRIBUTION; ZERO ROOT 
; CHANNEL CODING; TRANSFER CHARACTERISTICS; FINITE IMPULSE RESPONSE 
FILTERS ; PRE EMPHASIS 
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05871489 Supplier Number: 53030625 (USE FORMAT 7 FOR FULLTEXT) 
Chips: Broadcom Announces World's First Single-Chip Cable Modem Solution; 
New Chip Enables Next -Generation Cable Modems to Provide Telephony and 
Quality of Service Over the Cable Network. (Product Announcement) 

EDGE, on & about AT&T, pNA 
Sept 28, 1998 

Language: English Record Type: Fulltext 
Article Type: Product Announcement 
Document Type: Newsletter; Trade 
Word Count: 95 8 

B/C compatible forward error correction (FEC) decoder in the 
receiver and a programmable MCNS/DVB/DAVIC FEC encoder in the transmitter. 
A digital demodulator, Nyquist filters, tracking loops, and an 
adaptive -dec is ion feedback equalizer are incorporated into the receiver, 
and a pre - equalizer filter is in the transmitter. 

The chip interfaces to multiple low-cost, industry- standard CPUs, 
including the MIPS CPU, an architecture that was recently licensed... 
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Broadcom Announces World's First Single-Chip Cable Modem Solution; New Chip 
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BUSINESS WIRE 
September 21, 1998 

JOURNAL CODE: WBWE LANGUAGE: English RECORD TYPE: FULLTEXT 
WORD COUNT: 13 54 

... FEC encoder in the transmitter. A digital demodulator, Nyquist 
filters, tracking loops, and an adaptive-decision feedback equalizer are 
incorporated into the receiver, and a pre - equalizer filter is in the 
transmitter. The chip interfaces to multiple low-cost, industry- standard 
CPUs, including the MIPS CPU, an architecture that was recently licensed... 
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05442401 SUPPLIER NUMBER: 62649940 

Digital- to-RF Conversion for a Vector Modulator. 

Sorace, Ron 

IEEE Transactions on Communications, 48, 4, 540 
April, 2000 

ISSN: 0090-6778 LANGUAGE: English RECORD TYPE: Abstract 

...AUTHOR ABSTRACT: digital technology lacks sufficient speed to support 
many high data rate applications at microwave frequencies. This is 
unfortunate since areas such as higher order modulation, predistortion , 
equalization, and demodulation could benefit in flexibility, modularity, 
and performance from digital architectures. However, use of radio frequency 


microwave technology permits the implementation of digital functions at 
these higher speeds and frequencies. This paper describes the 
implementation of a non-recursive ( finite - impulse response ) filter in 
microwave technology. 

Index Terms-- FIR filter, modulator, predistortion , vector 
modulator . 
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Demodulator with FEC decoder gas on-chip timing, recovery, (includes 
related articles on jittering and error coding) (Cover Story) 

McGoldrick, Paul 

Electronic Design, v44, nl8, p55(6) 
Sep 3, 1996 

DOCUMENT TYPE: Cover Story ISSN: 0013-4872 LANGUAGE: English 

RECORD TYPE: Fulltext; Abstract 

WORD COUNT: 2851 LINE COUNT: 00230 

locked to the incoming symbol rate. The outputs are pre-equalized 
streams at twice the symbol rate. A square-root, raised-co-sine, low-pass 
finite - impulse - response ( FIR ) filter matches that of the 
transmission standard (one is in each of the I and Q paths) to minimize 
inter-symbol interference (ISI) and reduce... 
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INTEL TRANSCEIVER EASES TRANSITION BETWEEN COAXIAL CABLE AND TWISTED-PAIR 
WIRING 

News Release October 12, 1989 p. 1 

...direct interface-to-attachment unit interface isolation transformers 
and twisted-pair filters. Plus, it supports new 10BASE- T requirements for 
link integrity, jabber protection and predistortion . This allows 
customers to quickly comply with the proposed 10BASE-T standard. 
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Phillip Robinson 

San Jose Mercury News (California) 
Dec 07, 1997 18:26 E.T. 

DOCUMENT TYPE: Newspaper RECORD TYPE: Fulltext LANGUAGE: English 
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...TEXT: sometimes get through a parallel port connection, the port most 
printers and some data-exchange programs use. 

A newer standard called IrDA 1 . 1 or FIR (Fast IR) moves data at 4 
million bits per seconds, or mbps. That is fast enough for networking, and 
is five times faster than a. . . 

...equip the page-making side of your hardware. Both are the slower IrDA 
1.0 models. But the JetEye Net Plus for $400 is a FIR (4 mbps) device 
that lets you create a wireless network using Windows NT, Netware, TCP/IP 
and other standard operating systems. 
Puma (800-248-2795 . . . 

COMPANY NAMES: Compaq ; Extended Systems ; Hewlett Packard ; Infrared 

Data Association ; Intel ; IBM ; Knight Ridder/Tribune Business News ; 

Mercury News ; Microsoft ; NEC ; Philips ; Sharp ; Texas Instruments ; 
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of large bodies of code. We're looking at algorithms to find out 
where parallelism is possible." 

He noted that functions such as FFTs and finite - impulse - 
response filters do well. Surprisingly, Simar said, 

infinite-impulse-response filters don't do as well because of the way the 
delay samples move through the... 

COMPANY NAMES (DIALOG GENERATED) : Analog Devices Inc ; Cygnus Solutions ; 
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Lucent Technologies ; Metaware ; Microsoft ; Motorola Inc ; Silicon 
Graphics ; Sun Microsystems ; Texas Instruments Inc ; University of 
Illinois at Urbana Champaign 
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INTEL : Native Signal Processing Roll Out Moves Forward with Introduction 
of NSP Library for Pentium Processor 

February 13, 1995 

Byline: Business Editors /Computer Writers 

INTEL : 

...100 unique functions available in both real and complex 
data types as well as both single- and double-precision arithmetic. 

-- Functions include vector manipulation, filters ( FIR , IIR, 
LMS) , Windowing, FFT/DFT, convolutions, multi-rate functions, 
user-defined error handlers, etc. 

C-callable function library that currently links with 
applications created with. . . 
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...SPECIFICATION equalise the signals transmitted from the transmit 
antennas, so as to reduce the complexity of the mobile station. The 
system includes a Finite Impulse Response ( FIR ) filter that combines 
copies of the transmit signals with respective delays and weights 
(gains) and launches the combined signals from the transmit antennas. 

In both case, such schemes attempt to make the channel look flat in 
order to . . . 
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...SPECIFICATION designed so as to linearize the power amplifier 22. 
The data modifier 16A described above only operates on the 
instantaneous sample. However, introduction of a predistortion scheme 
which is dependent also on one or more previous samples could be 
envisaged also. Thus a memory or frequency dependence effect may be 
implemented ... component , which can be thought of as a second table 
address dimension, may be calculated by a "leaky integrator" which is a 
low pass (IIR) filter with certain rise and fall times matched to the 
thermal nature of the amplifier 22. According to an alternative approach, 
a FIR filter implementation could be used whereby the coefficients of 
the filter are accessed from a table addressed by a function of the 
instantaneous amplitude of the signal. The coefficients are then 
multiplied with a weight generated from a FIR or IIR filter . A 
third alternative for including a memory or frequency dependency effect 
is the implementation of frequency equalizers preceding and following the 
(memoryless) data modifier 16A. . . 
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...SPECIFICATION and those being read from the table 52H for use. 

Figures 4A and 4B illustrate example digital circuits that may be used 
to implement the predistortion filter 52A and the IQ modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for example, be in 
the range of 5-11. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vm(t) (indexed by power 
or amplitude), correction of the amplifier's wideband AM... 

...is also achieved if the tap values are correctly computed. Since this is 
preferably a non-real-time computation process, the task of computing the 
FIR coefficient values is the responsibility of the ACPCE. 

3.1.2.1. Integration Filter Construction 

Figure 5 illustrates the construction of the integration filter 52F in 
a preferred embodiment. An important feature of the integration filter 
52F is that . . . 

...such, may not be accurately modeled by a linear or nonlinear function of 
the amplifier's past power profile. 

Figure 6 illustrates a nonlinear integration filter kernel that may 
be used to overcome this problem when the wideband predistortion design 
is used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 
stages. The input to each multiplier is the input signal magnitude... 


. .x2) (t) , x3) (t) ... xn) (t) , to be computed from the original input signal 
x(t). Each new signal is then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 


I 


periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear. . . 
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...SPECIFICATION including known least mean square, Kalman and recursive 
mean square types. Preferably, however, the modem comprises a least mean 
square type finite impulse response adaptive filter that may also 
contain a predistortion function in accordance with the present 
invention. The adaptive filter accordingly includes a first n-tap delay 
line and a recursive tap weight update section in accordance with 
conventional filter design. To implement the predistortion function, 
the adaptive filter further includes a second n-tap delay line with a 
filter block whose transfer function substantially matches a combined 
transfer function for an adaptation loop of the modem comprising the 
echo channel and the receive channel. The outputs of the second n-tap 
delay line then generate a predistortion vector for input to the 
recursive tap weight update section of the adaptive filter . 

A more complete understanding of the method and apparatus of the 
present invention may be acquired by reference to the following Detailed 


Description when taken ... considerations to satisfy the relation (2) when 
there is filtering in the adaptation loop, a modification of the least 
mean square finite impulse response adaptive filter may be defined. A 
signal flow graph for such a modified filter is illustrated in FIGURE 
9. Again, this filter may be used for the adaptive filter 130 of the 
echo canceler 110 of FIGURE 4. An additional n-tap delay line 184 with a 
filter block 186, whose transfer function HPD) ) substantially matches 
the combined transfer function of HI)) (center dot) HE)) (center dot) 
HRX) ) (center dot) HD) ) for the adaptation loop, are employed to generate 
the required predistorted input vector used in the recursive tap weight 
update section 182 of the least mean square filter . With this 
configuration, the operation of the adaptive filter is predistorted to 
account for the amplitude and phase distortions introduced in the error 
signal ER by the transfer functions H for the components (interpolator 
116', filter 120', filters 136 and decimator 140) of the echo channel 
132 and receive channel 144. The goal of the training in this 
configuration (perhaps performed once in the factory) , is to define the 
predistortion transfer function of the filter 186 in FIGURE 9. This 
may be achieved by configuring the modem as follows: switch 112(1) is 
placed in the "2" position, and switches 112(4), 112(5), 112(6) and 
112(7) are placed in the "1" position. Adaptive filter feedback is 
connected by a way indicated at 146 in FIGURE 4. The transmit channel is 
turned off, for example, by disabling the converter 118. Accordingly, 
during the training sequence the conventional operation performed by the 
adaptive filter 13 0 causes it transfer function to converge essentially 
to the inverted adaptation loop transfer function. After multiplying the 
adaptation result HFIR) ) by minus one, this transfer function may be 
stored in non-volatile memory for subsequent use in the modem operation 
after deployment. 

The transfer function HPD) ) is realized in the digital domain. However, 
it is recognized that any given analog transfer function component 
appearing ... 
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.SPECIFICATION 213, multiplier 210 produces a product which is the 
complex feed- forward correction weight for a given power level and 
thermal condition. 

As in the predistortion example of Figure l f in order to control the 
rate of adaptation, the output 213 of multiplier 210 is filtered in a 
loop filter 214, which may be implemented as a linear ( FIR ) filter . 

Filter 214 combines the delayed feed-forward correction value from a 
delay circuit 215, coupled to the output 233 of RAM 230, with the 
feed-forward correction estimate produced by multiplier 210. The 
filtered feed-forward weight estimate is then coupled to a write data 
port 234 of RAM 230. 

The operation of the feed-forward embodiment of Figure 2 is similar... 
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.SPECIFICATION precomputing the requisite corrections and programming the 
lookup tables with the predistorted waveforms. Prior art techniques that 
compensate for ISI make use of a transversal filter architecture to 
distort the waveform such that intersymbol interference at the output of 
the transmitter is minimized. A finite impulse response (FIR) filter 
with taps spaced by a delay of one symbol performs such a function. The 
FIR filter forms the weighted sum of the waveforms which represent a 
finite number of past symbols and future symbols. The weighting factors 
are predetermined such that . . . 

.added to the waveform representing the current symbol, the factors which 
cause subsequent ISI are effectively cancelled. In a digital 
implementation of such a FIR filter pre - equalizer , the waveform is 
commonly multiplied at each tap by means of a multiplier circuit and a 
register containing the weighting factor. An alternative implementation 
is . . . 

.word representing the waveform at each tap. The lookup tables are 
programmed to output a weighted representation of the input address. 
Quadrature waveforms require a FIR filter for each of the two 
quadrature components. An additional pair of FIR filters may be 
required to compensate for any "cross" effects. 

Conventional techniques have not provided for a transversal (FIR) 
filter that utilizes symbol addressed lookup... 


8/3, K/7 (Item 1 from file: 349) 

DIALOG (R) File 349:PCT FULLTEXT 
(c) 2004 WIPO/Univentio. All rts . reserv. 

00774741 **Image available** 

DIGITAL PREDI STORTION METHODS FOR WIDEBAND AMPLIFIERS 

PROCEDES DE PREDI STORSION NUMERIQUE POUR AMPLIFICATEURS A LARGE BANDE 

Patent Applicant/Assignee: 

DATUM TELEGRAPHIC INC, Suite 390, 2600 Granville Street, Vancouver, 
British Columbia V6K 3K8, CA, CA (Residence), CA (Nationality) 
Inventor (s) : 

HUNG Chun Y Kevin, 1902-2668 Ash Street, Vancouver, British Columbia V5Z 
4K4, CA 

KLIJSEN Bartholomeu, #308-15160 108th Avenue, Surrey, British Columbia 
V3R 0V2, CA 

WRIGHT Andrew S, 2587 West 8th Avenue, Vancouver, British Columbia V6K 
3B2, CA 

YEE Paul V, 5907 Clarendon Street, Vancouver, British Columbia VSR 3K4, 
CA 

Legal Representative : 

PERRY Stephen J, 6th Floor, 330 University Avenue, Toronto, Ontario MSG 
1R7, CA 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200108297 Al 20010201 (WO 0108297) 

Application: WO 2000IB1051 20000713 (PCT/WO IB0001051) 

Priority Application: US 99143570 19990713; US 2000595988 20000616 

Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CR CU CZ 
DE DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 
SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 
(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 


(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 

Publication Language: English 

Filing Language: English 

Fulltext Word Count: 33999 


Fulltext Availability: 
Detailed Description 


Detailed Description 

... and those being read from the table 52H for use. 

Figures. 4A and 4B illustrate example digital circuits that may be used to 
implement the predistortion filter 52A and the 10 modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for example, be in 
the range of 5-1 1. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vm(t) (indexed by power 
or amplitude), correction of the amplifier's wideband AM... 

...characteristic is also achieved if the tap values are correctly 

computed. Since this is preferably a non-realtime computation process, 
the task of computing the FIR coefficient values is the responsibility 
of the ACPCE. 

3 2 Integration Filter Construction 

Figure 5 illustrates the construction of the integration filter 52F in a 
...such, may not be accurately modeled by a linear or nonlinear function 
of the amplifier's past power profile. 

Figure 6 illustrates a nonlinear integration filter kernel that may be 
used to overcome this problem when the wideband predistortion design is 
used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 5 
stages. The input to each multiplier is the input signal... 

x ( t ) 40, 00 ... x"(t), to be computed from the original input signal 
x(t). Each new signal is then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 
periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear... 
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those being read from the table 52H for use. 

Figures 4A and 4B illustrate example digital circuits that may be used to 
im plement the predistortion filter 52A and the III modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for example, be in 
the range of 5-1 1. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vrn(t) (indexed by 
power or amplitude), correction of the amplifier's wideband AM... 

...characteristic is also achieved if the tap values are correctly 

computed. Since this is preferably a non-realtime computation process, 
the task of computing the FIR coefficient values is the responsibility 
of the ACPCE. 

3 2.1 . Integration Filter Construction 

Figure 5 illustrates the construction of the integration filter 52F in... 
such, may not be accurately modeled by a linear or nonlinear function of 
the amplifier's past power profile. 

Figure 6 illustrates a nonlinear integration filter kernel that may be 
used to overcome this problem when the wideband predistortion design is 
used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 
stages. The input to each multiplier is the input signal magnitude... 


. ..X2(t) # X3(t) ... Xn(t), to be computed from the original input signal 
x(t) . Each new signal is then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 
periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear. . . 
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... and those being read from the table 52H for use. 

Figures 4A and 4B illustrate example digital circuits that may be used to 


implement the predistortion filter 52A and the IG modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for. example, be in 
the range of 5-1 1. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vm(t) (indexed by power 
or amplitude), correction of the amplifier's wideband AM is preferably a 
non-realtime computation process, the task of computing the FIR 
coefficient values is the responsibility of the ACPCE. 

3 2 Integration Filter Construction 

Figure 5 illustrates the construction of the integration filter 52F in a 

...such, may not be accurately modeled by a linear or nonlinear function of 
the amplifier's past power profile. 

Figure 6 illustrates a nonlinear integration filter kernel that may be 
used to overcome this problem when the wideband predistortion design is 
used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 
stages. The input to each multiplier is the input iignal magnitude... 

. . .X2 (t) , XI (t) . . . x* (t) , to be computed from the original input signal 
x(t). Each new signal is then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 
periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear... 
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... and those being read from the table 52H for use. 

Figures 4A and 4B illustrate example digital circuits that may be used to 
implement the predistortion filter 52A and the 10 modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for example, be in 
the range of 5-1 1. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vm(t) (indexed by power 
or amplitude), correction of the amplifier's wideband AM... 

...characteristic is also achieved if the tap values are correctly 

computed. Since this is preferably a non-realtime computation process, 
the task of computing the FIR coefficient values is the responsibility 
of the ACPCE. 

...not be accurately modeled by a linear or nonlinear function of the 
amplifier's past power profile. 

I 0 Figure 6 illustrates a nonlinear integration filter kernel that may 
be used to overcome this problem when the wideband predistortion design 
is used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 
stages. The input to each multiplier is the input signal magnitude... 
...t), X3(t) ... Xn(t), to be computed from the original input signal x(t). 
Each new signal is 5 then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 
periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear. . . 
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Detailed Description 

... and those being read from the table 52H for use. 

Figures 4A and 4B illustrate example digital circuits that may be used to 
implement the predistortion filter 52A and the 10 modulator 
correction circuit 52B. A variety of other well known circuits can 
alternatively be used. The number of taps N used for the predistortion 

filter 52A is a matter of design choice, but may, for example, be in 
the range of 5-1 1. Since a different set of FIR filter coefficients 
is used for each input sample of the input signal Vrn(t) (indexed by 
power or amplitude), correction of the amplifier's wideband AM... 

...characteristic is also achieved if the tap values are correctly 

computed. Since this is preferably a non-realtime computation process, 
the task of computing the FIR coefficient values is the responsibility 
of the ACPCE. 

3 2 Integration Filter Construction 

Figure 5 illustrates the construction of the integration filter 52F in a 
...such, may not be accurately modeled by a linear or nonlinear function 
of the amplifier's past power profile. 


Figure 6 illustrates a nonlinear integration filter kernel that may be 
used to overcome this problem when the 5 wideband predistortion design 
is used with transistor technologies that exhibit nonlinear changes as a 
function of temperature. The nonlinear integration filter 52F is 
constructed from a bank of linear filters and a bank of multiplier 
stages. The input to each multiplier is the input signal magnitude... 

.X2(t), Xl(t) ... Xn(t), to be computed from the original input signal 
x(t). Each new signal is then fed to a linear FIR filter . As with the 
basic integration filter , the FIR filter tap coefficients and delay 
periods between taps are fully adjustable by the ACPCE. If each filter 

is regarded as an nth order kernel, the structure permits any linear or 
nonlinear function of the past input power profile to be computed. This 
permits accurate indexing into the two dimensional predistortion 
filter table 52H that corrects for the instantaneous distortion that is 
being generated by the nonlinear amplifier. 

Equation 1 provides a mathematical definition of a nonlinear. . . 
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Claim 

... of the first and second processed 
versions of the signal by said combiner. 

5 A system as claimed in claim 1, characterized in that said Nyquist 
filter has a first number of filter taps , said linear equalizer has 
a second, different number of filter taps , 20 said system including 
means for delaying, input of the signal to said linear equalizer, the 


delay being related to the first and second numbers of filter taps . 
10 
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INTERNATIONAL CONFERENCE ON 
COMMUNICATIONS, US, NEW YORK, IEEE, 
vol. -, 11 June 1989 (1989 11), pages 
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Y abstract; figure 2.... 
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... 213, multiplier 210 

produces a product which is the complex feed-forward correction 

weight for a given power level and thermal condition. 

As in the predistortion embodiment of Figure 1. in order to 
control the rate of adaptation, the output 213 of multiplier 210 
is filtered in a loop filter 214, which may be implemented as a 


linear ( FIR ) filter , Filter 214 combines the delayed feed- forward 
correction value from a delay circuit 215, coupled to the output 
233 of RAM 230, with the feed-forward correction estimate 
produced by multiplier 210. The filtered feed-forward weight 
estimate is then coupled to a write data port 234 of RAM 230. 

The operation of the feed-forward embodiment of Figure 2 is 
similar. . . 
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Detailed Description 

... equalizer filter unit 3 10. The input 

sequence of the unit, s, [n] is filtered by a digital FIR (Finite Impulse 
Response) I 0 filter 401 with L taps p. [II ... p" [L] (L > 0) where 
PT] denotes the 1-th tap after n iterations. The taps of the filter 
are adaptively adjusted by an adaptation unit 402. The adaptation rule 
is . 

A,l IM =P.Ifl + rn (S2[nl)sl' [n-1] 1=1... 
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the last N samples of the composite block for the 
input to the FFT in the receiver, 
7 4o A guard period combined with adaptive pre 

equalization : If the channel distortion is very large, 
then a good compromise between minimizing the latency and 
the amount of signal processing and memory required, and. . . 

...data throughput efficiency can be achieved 

by using a short guard period and a short adaptive 
equalizer (i.e., one with a small number of taps ) in the 
receiver. This combination was proposed in J,S, Chow,, 
JoC. Tu, and J.M. Cioffil "A Discrete Multitone 

Transceiver System for HDSL Applications ... the remaining N samples 
to be used for an undistorted input to the FFT, 
Therefore, when a guard period is used, the task of the 

pre - equalizer is to compress the channel impulse response 
to the length of the cyclic prefix. This is discussed in 
detail in J.S. Chow, J.C... 
. . .4. The transmit 

signal, x, is input to the channel, p, noise' is added to 
it, and the noisy, distorted signal is input to a pre 

equalizer , w. The output signal, z. should appear to have 
passed through a "target" channel with impulse response b, , 
which is of length L or less. The adaptation of the pre 

equalizer is therefore performed by driving to zero the 
dif f erence between z and the output of the channel target, 
The input to the target . . . 

. . .papers on 

the design of such an equalizer were published between 
twenty and ten years ago; see, for example, D,G, 
Messerschmidt , "Design of a Finite Impulse Response for 
the Viterbi Algorithm and Decision Feedback Equalizer", 
IEEE Intl. Conf, Commun, Record, pp, 37D,1-D.5, June 1974; 
D.D, Falconer and F. . . 

...response, b, is not of 

interest per se, but it must be learned in order to derive 
an error signal for the adaptation of the pre - equalizer , 
we 

In the discussion of pre - equalizers f or MLSE the 


"channel target" was called either a Desired Impulse 
Response (DIR) or a Shortened Impulse Response (SIR) , A 
Earlier papers assumed some a priori response (a DIR) , and 
adapted only the pre - equalizer ; the problems of adaptation 
were similar to those encountered in the design of 
conventional equalizers for single-carrier systems (see 
for example, J.A,C, Bingham, The Theory and Practice of 

Modem Design, John Wilkey & Sons, New York, May 1988), It 
was later recognized, however, that if the channel 
distortion is severe, then any a priori choice of the 
shortened response will almost certainly be sub-optimum; 
both pre - equalizer and SIR must be adapted simultaneously, 
The method chosen for this was the conventional 
stochastic gradient, or Least Mean Square (LMS)r 
adaptation in the time domain, but convergence was very 
slow at best, and not always assured, Convergence of the 
individual LMS algorithms for pre - equalizer and SIR would 
be slow because of the severe channel distortion and the 
resultant correlation between successive input samples; . 
convergence of the coupled algorithms was doubly 
problematic , 

Another shortcoming of most of the work on pre 
equalizers for MLSE was that it derived from the earlier 

problem of designing pre - equalizers for Decision Feedback 

Equalizers. For this earlier application the output of 

the pre - equalizer had to be essentially minimum-phase; 

that is, if the impulse response of the channel and pre 
equalizer is expressed as a polynomia,l in the delay 

variable D, , all dominant zeros of the polynomial should be 

outside the unit circle. This requirement... 
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selective accuracy, in which predistortion circuit predistorts as a 
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predistorts as a function of X / (sin X) , and in which said 
predistortion circuit comprises a finite impulse response 
filter. 
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. SPECIFICATION 2a is recorded on the record carrier and is read out by 
the differentiating head 1, and shaped in magnitude and phase according 
to the Nyquist 1 criterion in pre - equalizer 4, which results, in 
case of an ideal situation, in a response as given in figure 2b and 2c. 
The signal given in figure 2b... 
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memory of the channel, and stripped of the cyclic prefix during 
post-receive processing in converter 54. The... 
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Detailed Description 

... DC isolating transformer and 

low-pass filter (not shown in fig. 1), converted to digital form 
by an analog- to-digital converter 37, time domain pre - equalized 
by a finite impulse response (FIR) filter (not shown in fig. 1) 
to limit the effective memory of the channel, stripped of the 
cyclic prefix and converted to a parallel... 
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... in the upstream direction of a Public 

Switched Telephone Network, PSTN, using an ITU-V.92 like PCM modem 
connection it is necessary for a pre - equalizer to be employed by the 
analog modem transmitter to compensate for local loop channel distortion. 
It is known that the fractional sampling phase offset of... 

...received symbol stream relative to the A/D quantizer at the central 

office, or CO, can have a significant effect on the performance of a pre 
- equalizer when the sampling rate is below the Nyquist rate. The 
effect can be large for symbol spaced pre - equalizers operating on 
received analog signals with significant excess bandwidth. Because the 
network sampling rate is fixed at 8 kHz, a digital modem operating on the 
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. . . higher constellations 512 Quadrature Amplitude Modulation (QAM) and 
1024 QAM, as examples. 

0 The output of constellation encoder 122 is coupled to the input of 
preequalizer / precoder 124. The pre - equalizer /precoder 124 allows 
compensating for channel reflections at the transmitter. A pre - 
equalizer or a precoder, or both may be 
4 

used. A pre - equalizer 124 is a device comprising a Finite - Impulse 
- Response ( FIR ) filter with programmable coefficients that are 
determined by the receiving station 200. 

These coefficients are transmitted from the receiving station 200. A 
precoder is a . . . 
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... is equalization, 

may be applied at the transmit end, Specifically, the 
transmit end equalization must compensate for a 0.9 dB 
excess loss at the Nyquist frequency and a softer 
overall response, 

An embodiment of the data filter according to the 
second embodiment of the invention is illustrated in 
Figs 5 . . . 


